Background/Aims: Colorectal adenomas that are ≥10 mm have villous histology or high-grade dysplasia, or that are associated with ≥3 adenomas are considered high-risk for metachronous advanced neoplasia. We evaluated the cumulative incidence of metachronous advanced neoplasia according to the total number of high-risk findings detected on baseline colonoscopy. Methods: This was a retrospective cohort study performed in 862 patients who underwent removal of colorectal adenomas between 2005 and 2009. At least one surveillance colonoscopy had been conducted at Konkuk University Medical Center, Seoul, Korea. Results: The cumulative incidence of metachronous advanced neoplasia in patients with 0, 1, 2, and 3-4 high-risk findings at 1 year were 0.7%, 1.3%, 2.8%, and 8.0%; at 3 years, those were 5.9%, 11.9%, 15.5%, and 24.7%; and at 5 years, those were 8.5%, 18.7%, 26.3%, and 37.2%, respectively. In a multivariate model, the risk of metachronous advanced neoplasia was significantly higher for the multiple high-risk findings group when compared with the 0 high-risk findings group (1 high-risk (+): hazard ratio, 1.86 [95% confidence interval, 1.00-3.44]; 2 high-risk (+): 1.84 [0.88-3.84]; and 3-4 highrisk (+): 3.29 [1.54-7.01]; p trend =0.020). Conclusions: The presence of overlapping multiple high-risk findings was associated with an increased risk of advanced neoplasia during surveillance. (Gut Liver 2015;9:741-749) 
INTRODUCTION
Postpolypectomy colonoscopic surveillance is the standard of care following the removal of colorectal neoplasms to detect a new or missed lesion and prevent colorectal cancer. [1] [2] [3] [4] [5] Due to the increased use of screening colonoscopy, increasing numbers of adenomas are being diangosed, making postpolypectomy surveillance a major part of endoscopic practice. 1 Previous studies have reported that certain colonoscopic findings, including the size of an adenoma ≥1 cm, high-grade dysplasia, villous histology, or 3 or more adenomas, are associated with an increased risk of metachronous advanced neoplasia. [1] [2] [3] [4] [5] Therefore, current practice guidelines recommend that patients with any of those high-risk findings have a follow-up colonoscopy in 3 years. [1] [2] [3] [4] [5] [6] Importantly, each individual high-risk finding has demonstrated an independent association with an increased risk of metachronous advanced neoplasia, suggesting the possibility that patients with multiple high-risk findings are at higher risk than patients with a single finding. [6] [7] [8] [9] [10] [11] [12] [13] [14] In previous colonoscopybased studies, the probability of subsequent advanced adenomas in patients with multiple high-risk findings was higher than in patients with no or few high-risk findings.
There is no published literature on the risk for metachronous advanced neoplasia according to the accumulated number of high-risk findings on baseline colonoscopy. Therefore, the aim of this study was to estimate the cumulative incidence rate of metachronous advanced neoplasia according to the accumulated number of high-risk findings detected on baseline colonoscopy.
MATERIALS AND METHODS

Study population
Between August 2005 and July 2009, a total of 1,597 patients underwent colonoscopy with polyp removal and completed one or more surveillance colonoscopies at Konkuk University Medical Center in Seoul, Korea. We constructed cohorts using data stripped of identifiers from the centralized electronic medical This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. record system. Exclusion criteria were as follows: (1) patients without a histologically confirmed adenoma on baseline colonoscopy; (2) incomplete polyp removal (except small hyperplasic polyps in the rectosigmoid area or typical inflammatory pseudo-polyps); (3) follow-up colonoscopy that was performed within 6 months of the baseline colonoscopy; (4) follow-up colonoscopy that was performed 5 years after the baseline colonoscopy; (5) unavailability of the data on the size, number, and histopathology of removed polyps; (6) incomplete colonoscopy, such as failed cecal intubation or inadequate bowel preparation; (7) patients diagnosed with invasive cancer on baseline colonoscopy; (8) patients with polyposis syndrome, hereditary cancer syndrome, or inflammatory bowel disease; and (9) patients with a history of colorectal resection (except appendectomy).
Colonoscopy and definitions
All colonoscopies were performed with either a high-definition CF-H260AI (Olympus, Tokyo, Japan) or an EC-3490Fi (Pentax, Tokyo, Japan). The size, number, and location of colorectal lesions were described by the endoscopist during the colonoscopy. All colorectal lesions were evaluated by an experienced pathologist and classified according to World Health Organization (WHO) criteria. 15 An advanced adenoma was defined as an adenoma ≥10 mm, with villous histology (more than 25% villous features), or high-grade dysplasia. Invasive cancer was defined as the invasion of an adenocarcinoma through the muscularis mucosa into the submucosa. 15 Advanced neoplasia consisted of an advanced adenoma or invasive cancer. High-risk finding referred to the findings associated with an increased risk of metachronous advanced neoplasia, including adenoma size ≥10 mm, villous histology, high-grade dysplasia, or ≥3 adenomas. [1] [2] [3] [4] [5] [6] 3. Postpolypectomy colonoscopic surveillance schedule During the baseline colonoscopy, adenomas ≤5 mm were removed using cold or hot biopsies; adenomas >5 mm were resected using snare polypectomies with or without submucosal injections. Large sessile adenomas >2 cm were removed using endoscopic piecemeal mucosal resections or submucosal dissection. In any patient who underwent a piecemeal resection of a large sessile adenoma or a suspected incomplete polyp resection, a follow-up colonoscopy was performed within 6 months to assess the need for additional polypectomy. In those cases, the follow-up interval was calculated from the date of this second "clearing" colonoscopy, and all adenomas detected at the clearing colonoscopy were considered to have been missed on the initial colonoscopy and were thus considered baseline findings for analysis. After baseline colonoscopy and polypectomy, each subject was informed of their surveillance schedule. Patients with advanced adenoma or multiple adenomas were assigned to a follow-up colonoscopy in 1 year; patients with a single tubular adenoma <1 cm were assigned to a surveillance colonoscopy in 3 years. The surveillance schedule was open to modification at the physician's discretion based on age, family history, comorbidities, and patient preference.
Endpoint measurement
Metachronous advanced neoplasm was defined as any histologically confirmed advanced adenoma or invasive cancer detected during the surveillance colonoscopy. The endpoint was defined as the time when a surveillance colonoscopy diagnosed a metachronous advanced neoplasia.
Statistical analysis
Continuous variables are expressed as mean±standard deviation, while categorical variables are presented as absolute values and percentages. The differences between continuous variables were analyzed using the unpaired Student t-test; differences between greater than three continuous variables were analyzed using analysis of variance. Differences between categorical variables were analyzed by the chi-square test or Fisher exact test, as appropriate. The cumulative hazard of the recurrence of advanced colorectal neoplasia stratified according to the number of high-risk findings on baseline colonoscopy was determined using the Kaplan-Meier method. Differences between survival curves were tested using the log-rank test. The hazard ratios (HRs) and 95% confidence intervals (CIs) of the recurrence of metachronous advanced neoplasia based on the number of highrisk findings were computed using the Cox proportional hazard model. To examine potential confounders for the recurrence of metachronous advanced neoplasia, multivariate models were adjusted for age, gender, timing of first surveillance colonoscopy, and number of surveillance colonoscopies performed during the study period. Statistical analysis was performed using SPSS version 12.0K (SPSS Inc., Chicago, IL, USA).
RESULTS
Of the 1,597 patients that underwent a colonoscopy with polyp removal and at least one surveillance colonoscopy, 735 were excluded due to a lack of histologically confirmed adenoma on baseline colonoscopy (n=180), incomplete polyp removal (n=32), follow-up colonoscopy in <6 months (n=46), or >5 years (n=23), inaccurate endoscopy or pathology reports (n=135), incomplete colonoscopy (n=199), invasive cancer detected on baseline colonoscopy (n=105), polyposis syndrome (n=5), inflammatory bowel disease (n=42), or history of colorectal resection (n=18) (Fig. 1) .
The baseline clinical characteristics of the 862 patients ultimately enrolled in this study are shown in Table 1 . On baseline colonoscopy, 1-2 adenomas were removed in 567 patients (65.8%), ≥3 adenomas were removed in 295 patients (34.2%), an adenoma ≥1 cm was removed in 194 patients (22.5%), a tubulovillous or villous adenoma was removed in 90 patients (10.4%), Data are presented as mean±SD or number (%). *High-risk findings of baseline colonoscopy were defined as follows: adenoma with villous histology, high-grade dysplasia, size >10 mm, or 3 or more adenomas; † Advanced adenoma was defined as adenoma with villous histology, high-grade dysplasia, or size >10 mm.
and an adenoma with high-grade dysplasia was removed in 133 patients (15.4%). At baseline, the numbers of patients with advanced and nonadvanced adenomas were 269 (31.2%) and 593 (68.8%), respectively. The baseline number of patients with 0, 1, 2, 3, and 4 high-risk findings were 429 (49.8%), 241 (28.0%), 118 (13.7%), 61 (7.1%), and 13 (1.5%), respectively.
Postpolypectomy surveillance
Results of postpolypectomy surveillance are shown in Table 2 . The mean follow-up duration of enrolled patients was 44.2±20.9 months and the mean number of surveillance colonoscopies during the study period was 1.2±0.6. Although the number of surveillance colonoscopies showed a trend towards increasing tendency as the number of high-risk findings increased, there were no significant intergroup differences in terms of follow-up duration nor number of surveillance colonoscopies.
During surveillance colonoscopies, 454 patients (52.7%) had one or more colorectal neoplasia and 68 patients (7.9%) had one or more advanced neoplasia, of which three (0.3%) were invasive cancers. Of the three invasive cancers diagnosed during the follow-up period, two patients underwent diagnostic colonoscopies at 24 and 30 months after the initial baseline colonoscopy, and one asymptomatic patient underwent a routine surveillance colonoscopy 36 months after the baseline colonoscopy.
There were no complications resulting in serious morbidity or mortality during either baseline or surveillance colonoscopies. Although five cases of colonic perforation and seven cases of bleeding after polypectomy were reported, all of which were treated medically. Table 3 shows the cases of advanced neoplasia detected in any colonoscopy performed during the study period. The cumulative incidence rates of advanced neoplasia were 1.7%, 5.4%, 10.2%, and 16.1% at the 1-, 2-, 3-, and 5-year follow-up exams, respectively. We estimated the cumulative incidence of advanced neoplasia in patients with baseline low-risk and highrisk adenomas per the current guidelines (Fig. 2) . The cumulative incidence rates of advanced neoplasia in patients with lowrisk adenomas were 0.7%, 3.3%, 5.9%, and 8.5% at the 1-, 2-, 3-, and 5-year follow-up exams, respectively; incidence rates of patients with high-risk adenomas were 2.8%, 7.6%, 14.9%, and 23.9% at the 1-, 2-, 3-, and 5-year follow-up exams, respectively. Cumulative incidence rates of advanced neoplasia were significantly different between low-risk and high-risk patients (p<0.001). Current guidelines recommend follow-up colonoscopy in 5 years for patients with a low-risk adenoma and in The proximal colon was defined as the portion of the colon proximal to the splenic flexure.
Cumulative incidence of metachronous colorectal neoplasms
3 years for patients with a high-risk adenoma. We found the number needed to rescreen to detect one case advanced neoplasia 5 years after polypectomy was 11.7 (95% CI, 7.1 to 32.5) in patients with low-risk adenomas and 6.7 (95% CI, 5.0 to 10.2) in patients with high-risk adenoma.
The cumulative incidence rates of advanced neoplasia according to the number of baseline high-risk findings are shown in Table 3 and Fig. 3 . The 1-year cumulative incidence rates of metachronous advanced neoplasia in patients with 0, 1, 2, and 3-4 high-risk findings were 0.7%, 1.3%, 2.8%, and 8.0%, respectively; 2-year incidence rates were 3.3%, 6.0%, 6.8%, and 15.3%, respectively; 3-year incidence rates were 5.9%, 11.9%, 15.5%, and 24.7%, respectively; and 5-year incidence rates were 8.5%, 18.7%, 26.3%, and 37.2%, respectively. There was a significant difference in the cumulative incidence of metachronous advanced neoplasia between groups with different numbers of baseline high-risk finding groups (p<0.001). Of the patients with no high-risk findings, 212 (49.4%) underwent their first surveillance within 2 years, and rates of advanced neoplasia were similar irrespective of the time to first surveillance (5.7% within 2 years vs 3.2% at ≥2 years, p=0.248). Nearly all subjects with one or more high-risk findings underwent their first surveillance within 2 years and the majority underwent repeat examinations; their rates of advanced neoplasia were also similar irrespective of the timing of the first surveillance. Numbers needed to rescreen to detect one advanced neoplasia 3 years after polypectomy in patients with 1, 2, and 3-4 high-risk findings were 8.4 (95% CI, 5.6 to 16.8), 6.5 (95% CI, 3.9 to 18.3), and 4.1 (95% CI, 2.4 to 11.9), respectively. Notably, in the 3-4 high-risk findings group, numbers needed to rescreen for one advanced neoplasia at 1 and 2 years were 12.5 (95% CI, 7.1 to 54.9) and 6.6 (95% CI, 3.9 to 20.5), respectively.
Number of baseline high-risk findings as a risk factor for
metachronous advanced neoplasia Table 4 shows the results of univariate and multivariate analyses according to the Cox proportional hazard regression model In addition, we analyzed the association of individual highrisk findings with metachronous advanced colorectal neoplasia using the Cox regression model ( Table 5 ). The HR of adenoma size >10 mm, adenoma with villous histology, high-grade dysplasia, and ≥3 adenomas is 1.65 (95% CI, 1.61 to 2.34), 1.82 (95% CI, 1.12 to 2.93), 1.08 (95% CI, 0.68 to 1.71), and 2.41 (95% CI, 1.70 to 3.42), respectively. Using multivariate analysis adjusted with age, gender, number of follow-up colonoscopies during the study period, and individual high-risk findings, only ≥3 adenomas showed a statistically significant association (HR, 2.25; 95% CI, 1.55 to 3.25).
DISCUSSION
In clinical practice, the adherence to practice guidelines is low and many physicians recommend a shorter surveillance interval after colonoscopic polypectomy. [16] [17] [18] Many reasons may contribute to poor adherence to guidelines, including concerns about interval cancer after colonoscopy. [19] [20] [21] Since the publications of the National Polyp Study and the Funen Adenoma Follow-up Study, 19 ,22-24 a 3-year follow-up colonoscopy is recommended for patients with high-risk adenoma and a 5-to 10-year followup examination for patients at lower risk, i.e., 1 or 2 small tubular adenomas without high-grade dysplasia. [1] [2] [3] [4] [5] [6] Notably, the National Polyp Study excluded patients with sessile adenomas with bases larger than 3 cm and provided individualized followup evaluations, 19 while the Funen Adenoma Follow-up Study included only patients with pedunculated and small sessile tubular/tubulovillous adenomas. 20 The excluded patients with large sessile adenomas were at a high risk of additional highrisk findings, including multiple adenomas and advanced pathology, such as a significant villous component or high-grade dysplasia. [1] [2] [3] [4] [5] [6] To the best of our knowledge, this is the first analysis of the risk of metachronous advanced colorectal neoplasia in patients with multiple high-risk findings detected on baseline colonoscopy. In this study, we found that the risk of metachronous advanced neoplasia increased significantly along with the number of baseline high-risk findings. Using the current guidelines' risk stratification scheme (high-risk vs low-risk adenoma), [1] [2] [3] [4] [5] [6] 19, 21, 22 the 5-year cumulative incidence rate and number needed to rescreen for advanced neoplasia in low-risk patients were lower than the 3-year rate and number needed to rescreen of high-risk patients (incidence: 8.5% vs 14.9%; number needed to rescreen: HR, hazard ratio; CI, confidence interval. *Adjustment for age, gender, number of follow-up colonoscopies during the study period, and number of high-risk baseline findings; † High-risk baseline findings were defined as follows: adenoma with villous histology, high-grade dysplasia, size >10 mm, or 3 or more adenomas. HR, hazard ratio; CI, confidence interval. *Adjusted for age, gender, number of follow-up colonoscopies during the study period, adenoma size >10 mm, adenoma with villous histology, high-grade dysplasia, and ≥3 adenomas.
11.7 vs 6.7). Therefore, our results indicate that patients with a high-risk finding should have a 3-year follow-up colonoscopy and patients without high-risk findings should have a followup colonoscopy in 5 or more years. [1] [2] [3] [4] [5] [6] 19, 21, 22 However, in patients with 3-4 baseline high-risk findings, the 1-and 2-year cumulative incidence rates were 8.0% and 15.3%, and number needed to rescreen at 1 and 2 years were 6.6 and 12.5, respectively. The possible causes of the increased risk of metachronous advanced neoplasia as the baseline high-risk finding increases can be explained by the fact that some lesions are missed or incompletely removed during the baseline colonoscopy. Evidence from back-to-back colonoscopy studies suggests the polyp miss rate is influenced by the number of polyps detected on baseline colonoscopy. 25, 26 In addition, there is a risk of residual neoplastic tissue after resection of large sessile polyps, which may progress and be detected as metachronous advanced lesions in future colonoscopies. In a study of patients with large sessile polyps (>2 cm), 17.6% had residual adenomatous tissue when reexamined. 27 In response to this, the British Society of Gastroenterology recommends that patients with >5 small adenomas or ≥3 with at least one ≥10 mm undergo repeat colonoscopy at 1 year. 28 Another possible reason for the higher risk of metachronous advanced neoplasia in patients with multiple risk factors is the possibility of a high-risk milieu for the development of colonic neoplasia and metachronous advanced lesions in particular. 29, 30 We performed a comprehensive literature search to verify our analysis. The literature search was conducted using PubMed and the Cochrane Library for potentially relevant articles published from 2000 to 2011. The following terms were used for the primary search: "Colonoscopy" AND ("colorectal" OR "colonic" OR "colon" OR "large intestine") AND ("neoplasms" OR "polyp" OR "adenoma" OR "cancer"). Studies meeting the following criteria were included: (1) English language, (2) full-manuscript publication, (3) study design: clinical trials including randomized controlled trials, cohort studies, cross-sectional studies and casecontrol studies. A total of 664 articles were identified using this search strategy; 47 concerned the incidence or risk of metachronous advanced neoplasia in patients with prior polypectomy; 4 of these 47 concerned the incidence or risk of metachronous advanced neoplasia in relation to multiple baseline high-risk findings. [10] [11] [12] [13] The results of these studies cannot be combined into a single estimate in relationship to overlapping multiple baseline highrisk findings because of the differences in baseline high-risk findings of each study. In addition, these studies were confounded by variations in definitions, inclusion and exclusion criteria, design, timing of surveillance intervals, and analysis of endpoints. However, all studies reported that overlapping multiple high-risk findings corresponded to an increase in the risk of metachronous advanced colorectal neoplasia although the high-risk findings were not consistent nor standardized. [9] [10] [11] [12] [13] [14] In a publication by Noshirwani et al., 12 the percent incidence of advanced neoplasia was calculated using specified numeric combinations of baseline size and number: patients with ≥4 adenomas and at least 1 adenoma ≥1 cm at baseline had a 34.5% chance of having at least 1 advanced neoplasia within 3.5 years of their initial examination. Nusko et al. 11 compared the probabilities of advanced metachronous adenoma between 16 subgroups as defined by combinations of multivariate identified risk factors. The probability of being free of advanced metachronous colorectal adenomas 3 years after the initial colonoscopy for the lowest-risk group was 0.964, whereas the probability of the highest-risk group was 0.777. Bonithon-Kopp et al. 13 analyzed data from a chemoprevention trial and reported that the 3-year recurrence rate of advanced adenoma was 28.3% in patients with ≥3 adenomas with at least 1 located in the proximal colon. In addition, Yamaji et al. 10 analyzed data from participants in an annual colonoscopic screening program and reported that the annual incidence rate of advanced colorectal lesions was higher in patients with multiple risk factors such as older age, male sex, and advanced lesions at baseline. The proximal polyp was reported as a high risk finding for metachronous advanced colorectal neoplasia. Among 862 recruited patients, 573 patients had one or more adenoma located in the proximal colon (cecum to splenic flexure). The Cox regression model found that the proximal polyp was a significant risk factor for metachronous advanced colorectal neoplasia (univariate analysis: HR, 1.26, 95% CI, 1.48 to 3.44; multivariate analysis: HR, 2.10, 95% CI, 1.36 to 3.25). However, the percent of patients with one or more proximal adenoma was as high as 66.5% and the practice guideline was not recommended as a risk factor for metachronous advanced colorectal neoplasia. Therefore, we did not consider the proximal adenoma as a highrisk finding. In addition, a family history of colorectal cancer is one of the risk factors of colorectal neoplasia development. However, according to the practice surveillance guideline, the surveillance interval was not shortened by a family history of colorectal cancer.
The serrated polyps more than 1 cm or located in the proximal colon are one of the high risk findings for metachronous advanced colorectal neoplasia. However, the concept of a serrated pathway was introduced in 2003 and established after 2010 (The current classification of serrated polyps is based on the fourth addition of the WHO book published in 2010). 15 During the patients' recruitment period, hyperplastic polyps considered as nonneoplastic lesion. Therefore, some hyperplastic polyps were not removed completely, even though some hyperplastic polyps were measured to be more than 1 cm in size and located in the proximal colon. Therefore, serrated polyps more than 1 cm or located in the proximal colon were not defined as high risk findings. Our study has several limitations. First, the retrospective analysis prevented the evaluation of important factors that af-fect the quality of the colonoscopy, including family history, past medical history, bowel preparation status, cecal intubation rate, withdrawal time, and adenoma detection rates of the endoscopists. Secondly, most patients labeled as high-risk had multiple polyps, which increases the chance of a missed lesion. Thirdly, patients with a single advanced adenoma had shorter follow-up intervals given their increased risk for interval cancer and advanced adenoma due to incomplete resection. Fourthly, this study analyzed data from a single referral center, which means that the patients had a higher proportion of advanced adenoma and multiple risk factors than the general population. Finally, in the real world situation, the surveillance interval may be affected by the quality of the baseline examination and completeness of the polypectomy, as well as the patient's concern or preference. Because of the limitation of the retrospective study, the surveillance interval was different from the recommended intervals. However, the cumulative incidence of advanced neoplasia was similar between the first follow-up colonoscopy <2 and ≥2 years. In addition, irrespective of the first follow-up colonoscopy time, the overlapping multiple high-risk findings were associated with further increased risk of advanced neoplasia during surveillance.
In summary, multiple high-risk findings were associated with increased risk of advanced neoplasia during surveillance. Although our findings generally support the surveillance recommendations of the current guidelines, we additionally recommend that patients with high-risk findings be grouped according to the number of findings, and that patients with 3-4 baseline high-risk findings undergo surveillance within 5 years. Further multicenter prospective studies are needed to confirm our findings and to determine the optimal surveillance interval in patients with multiple high-risk findings on baseline colonoscopy. Additionally, future studies are required to further stratify those we currently consider to be at high risk of metachronous advanced neoplasia, and to determine the cost-effectiveness of surveillance strategies.
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